Introduction
In the year 2004, California was home to almost 30% of all foreign-born individuals working in the U.S.; in turn, these foreign-born represented roughly one third of the almost 15 million workers employed in California, two thirds of California workers without a high school degree and almost half of the California workers with a doctoral degree. Many U.S.-born Californians moved out of the state during the nineties and job competition from immigrants has sometimes been regarded as a key factor for this outflow. It stands to reason that if recent inflows of immigrants indeed crowded out the labor market options of U.S. natives, specifically the low skilled ones, then such an effect should have been particularly strong in California. But is it possible that immigrants actually lifted California's wages, rather than harming them? After all, immigrants have different skills and tend to work in different occupations than natives; they could make natives performing complementary production tasks more productive, thus increasing the demand for those tasks! The present study analyzes the effect of the migratory inflow on the employment, population and wages of U.S. natives in California, using data from the decennial U.S. Censuses and from the American Community Survey spanning the period 1960-2004. Our approach combines elements of a "general equilibrium" (more structural) approach to immigration and wages, as proposed in recent national studies (Borjas 2003; Aydemir and Borjas 2007; Ottaviano and Peri, 2006) with the study of employment and inter-state migratory response of native workers typical of the so called "area approach" (exemplified in Card 1990 , 2001 , Lewis, 2005 . As in Borjas (2003) we consider labor as a differentiated input in production and we model the interactions between workers with different education and age using a nested CES production function. As in Ottaviano and Peri (2006) we allow for imperfect substitution between native and foreign-born workers within an education-age group (due to differences in skills, occupational choices and job opportunities) and we estimate the elasticity of substitution between natives and immigrants. The degree of substitutability between these two groups is a key parameter to determine whether immigrants increase or depress the demand for native workers. For a large degree of substitutability between natives and immigrants, uneducated immigrants mostly depress the demand for uneducated natives and augment the demand for highly educated natives. However, for a smaller degree of substitutability between natives and immigrants, uneducated immigrants have a much smaller depressive effect on (and may even increase) the demand for uneducated natives while still increasing the demand for more educated natives.
As pointed out by the critics (e.g. Borjas et al, 1997) of the "area approach" when focussing on a state economy it is important to account for the fact that any labor market effect of immigration can be "diffused" to other states by out-migration of native workers. We carefully account for this effect in our empirical analysis.
Moreover, by focussing on California over time, we are able to use a new identification strategy that addresses the problems of unobserved demand shocks and measurement errors; these are often deemed responsible for biased estimates of the impact of immigration on the labor market outcomes of natives in a state (e.g. Aydemir and Borjas, 2006; Borjas, 2006) . Specifically, we use immigration to the other U.S. states by skill group over decades as a reasonable instrument to proxy the "push"-driven component of immigration to California by skill group and decade. While sharing the "push" factors behind international migrations with California, the flows of foreign-born workers to other U.S. states are not affected by California's specific pull factors (i.e. unobserved demand shocks). The intuition of such identifying assumption is as follows. Suppose that immigrants with a college degree were "pulled" to California in the 90's by the boom in the high tech sector, which increased the demand for workers with their qualifications. This would be a "pull factor" specific to California. The same boom probably would also have attracted (or reduced the potential outflow of) natives in the same skill group. It could thus create a positive correlation between foreign immigration and natives' migration and wages-even if foreign migrants compete with natives for the same jobs. Such pull, however, would not be shared by other states and hence the instrument would not capture it. On the other hand take the cases of the increased international mobility of the college-educated Chinese middle-class or the worsened job outlook for young uneducated workers in Mexico during the nineties. Both are "push factors" that could increase immigration of some age-education groups to California (a large receiver of Chinese and Mexican migrants) as well as to other states. Push factors generate more migrants to California as well as to other states and are not related to changes in California's local demand for labor. Thus, how native employment responded to those immigration changes would correctly estimate how immigrants affect natives' employment opportunities-for a given local demand. The second purpose served by our instrument is to reduce the measurement error bias. As the measure of immigrants to other states is based on large national samples (excluding California), the instrument is also largely exempt from the measurement error affecting state-level measures of immigration by skill due to the potentially small size of cells 1 . Hence, we have an instrument for the inflow of immigrants that is potentially uncorrelated (or weakly correlated) with California-specific labor demand shocks and the measurement errors while still correlated with the supply-driven shocks to the composition of immigrants to California. This instrumental variables strategy that we adopt is novel for the "area" approach and it is an improvement on the "national" approach (e.g. Borjas, 2003) in that, while we cannot rely on some natural experiment, we have a more sophisticated way of isolating supply-driven variations of immigrants going beyond the simple inclusion of education-age, education-year and age-year specific effects (which we still include).
The rest of the paper is organized as follows: Section 2 presents the data and shows some statistics on the skills of foreign-born and recent immigrants to California. Section 3 presents the production function used as framework to estimate the effect of immigration on wages. The skill-structure defined in the production function is used in the empirical estimations. Section 4 presents the identifying strategy and shows the migration and employment responses of California's native workers to immigration for the period 1960-2004. Section 5 estimates the substitutability between U.S. and foreign born workers within education-age groups. Section 6 uses the estimated parameters to calculate the effects of immigrants on wages of natives (by education) for the 1990-2004 period. Section 7 concludes.
2 Immigration to California: A Look at the Data The data we use are from the integrated public use microdata samples (IPUMS) of the U.S. decennial Census and of the American Community Survey (Ruggles et al, 2005) . In particular, we use the general (1%) sample for Census 1960, the 1% state sample, Form 1, for Census 1970, the 5% state sample for the Censuses 1980 and 1990, the 5% Census sample for year 2000 and the 1/239 American Community Survey (ACS) Sample for the year 2004. As those are all weighted samples we use the variable "personal weight" to construct all the average and aggregate statistics relative to California. We consider people aged 17 to 66 not living in group quarters, and we included them among the workers if they worked at least one week in the previous year and earned a positive amount in salary income. When using wage data, we converted the current wages to constant wages (in 2000 U.S. $) using the CPI (Consumer Price Index)-based deflator across years. We define the four schooling groups using the variable that identifies the highest grade attended (called "HIGRADEG" in IPUMS) for census 1960 to 1980 while we use the categorical variable (called "edu99" in IPUMS) for censuses 1990 and 2000 and ACS 2004. Age groups are identified using the variable "AGE". Finally, yearly wages are based on the variable for salary and income wage (called "INCWAGE" in IPUMS). Weekly wages are obtained dividing that value by the number of weeks worked 2 . The status of "foreign-born" is given to those workers whose place of birth (variable "BPL") is not within the USA (or its territories overseas) and did not have U.S. citizenship at birth (variable "CITIZEN") 3 Table 1 illustrates the evolution of the percentage of foreign born in employment and population for the period 1960-2004. Employment is defined as the sum of individuals aged 17 to 66 years old, not residing in group quarters, who worked at least one week in the previous year. Population is defined as the sum of individual between 17 and 66 years of age not residing in group quarters. We report the figures for California as compared to the corresponding figures for the whole U.S.A. First, note that in California the percentages of foreign-born already began growing in the sixties, while in the U.S. as a whole they only began to grow during the seventies.
During the seventies, eighties and nineties, California experienced increases in the share of foreign-born workers by about 7% in each decade, with similar rates continuing after the year 2000; in the whole U.S., the increases were far more modest over that period, amounting to 2-3% per year. Second, over the entire period considered, 2 For Census 1960 and 1970 only a categorical variable that measures weeks worked exists, called "WKSWRK2". Individuals are assigned the middle value of the interval in the variable.
3 The variable CITIZEN is not available in Census 1960. For that year we consider all people born outside the U.S. as foreignborn.
the share of foreign-born workers in employment was larger than their share of population, denoting higher employment/population ratios of immigrants relative to natives; this was due in part to their age distribution.
Finally, notice that the percentage of immigrants in California's population and employment as of 1980 is similar to the percentage of immigrants in population and employment for the nation in 2004. In terms of percentages, a continuation of the present trend would imply that the future of the nation may look like the last 25 years of California's experience.
Moreover, in addition to their percentages of population and employment, the distribution of foreign-born across education levels in California in 1980 is similar to that for the whole nation in 2004. Table 2 shows the percentage of foreign-born workers in California by education group between 1960 and 2004. Notice the higher concentration of foreign-born among the low (less than high school) and high (college or more) schooling levels and the lower concentration in the intermediate education levels. Notice that, as of 2004, two thirds of high school dropout workers in California were immigrants as well as 42% of Ph.D.'s, while only 20% of workers with some college education but no degree were not U.S. born. The distribution of immigrants, predominantly at the two ends of the schooling spectrum, will be dubbed "U-shaped". This U-shape is also a feature of the national data; Figure 1 shows the percentage of foreign-born workers by education level in 2004, comparing California and the whole U.S. One clearly notices the same qualitative U-shaped distribution, but each bar is much higher for California, denoting a higher average percentage of foreign-born. We need to go back to the year 1980 (see Table 2 ) to find percentages of foreign born across education groups in California similar to the ones for the U.S. today: back then, in California, 32% of high school dropouts, 12% of high school graduates, 10% of college dropouts 4 and 14% of college graduates were foreign-born.
The numbers presented above are relative to the "stock" of foreign-born living in California (or nationally).
The more recent flow of immigrants to California and to the U.S. (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) also has a similar distribution over schooling. Figure 2 shows the net growth in employment due to immigrants as percentage of initial employment by education group for California (light shaded columns) and for the U.S. as a whole (dark shaded columns).
College graduates, Masters and Ph.D.'s flowed in much larger percentages of initial employment in the group than college dropouts both in California and the whole U.S. At the opposite end of the schooling spectrum, the inflow of high school dropouts was much larger as a percentage of the group than inflow of high school graduates. Overall, aggregating across groups, immigrants to California during the 1990-2004 period equaled 20% of its total employment in 1990, while in the U.S. as a whole they were only 11% of initial employment.
These aggregate numbers provide a good sense of how large immigration has been in California.
The focus of this paper is the effect of immigration on the labor market outcomes of Californian workers. It is useful, therefore, to start by showing the behavior of native worker real wages during the most recent fourteen years of data (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) ; these years correspond to the period of largest immigration flows. Figure 3 shows the percentage change in real wage for native workers, by education group, in California (light shaded columns) and in the U.S. as a whole (dark shaded columns) for the 1990-2004 period. We use real weekly wages calculated as yearly wage and salary income divided by weeks worked, and convert to constant 2000 dollars by dividing for the Consumer Price Index deflator. First of all, we notice that the real wage changes across education groups are very similar in California compared to the whole nation; the difference in real wage growth between California and the rest of the nation was never larger than 4% in any group. In terms of magnitude across education groups, high school dropouts' wages decreased in real terms over the period by as much as 17%, real wages of high school graduates were rather stationary, while real wages of college graduates and above experienced a substantial increase, generally above 20%. Aggregating across groups, the average real wage grew by 10.7% in California and by 9.7% in the U.S. as a whole, again denoting a similar performance (less than 0.1% difference in growth per year), with no apparent wage "penalty" at all for the high-immigration state of California.
California's closeness to the national average in terms of wage dynamics over the last 15 years denotes substantial integration of the Californian labor market with the rest of the U.S. Implied are small costs of moving that arbitrage away large differences in wage changes across states. The poor performance of uneducated worker real wages, contributing to an increase in wage dispersion and income inequality, has certainly been a thorny issue in California as well as in the rest of the nation. The question is whether it was immigration flows that contributed to these real wage changes in California and the U.S. and by how much.
The Framework: Production Function and Imperfect Substitutability
To evaluate the effects of immigrants on the wages and employment of native workers in California we use a framework similar to Ottaviano and Peri (2006) . Workers differ by their education and age; different types of workers and physical capital are combined in a production function to produce output. The marginal productivity (wage) of each group depends on skill-specific technology and the supply of each group is affected by immigration. We extend that framework to allow for changes in the labor supply of natives (via migration to/from other states and in/out of employment) in response to immigration, and we estimate these responses and corresponding wage elasticities maintaining the same groupings by skill in the production function. Then, we use the estimated responses and the estimated wage elasticities to calculate the overall effect of immigration on the wages of U.S. natives in California.
Production Function
Following previous work with Gianmarco Ottaviano (Ottaviano and Peri, 2006 ) that, in turn, builds on Borjas (2003), we represent output in California as produced by physical capital and different types of labor. Labor types are grouped according to education and age and combined in a constant elasticity of substitution (CES) aggregate; age groups are nested within educational groups that are themselves nested into the labor composite L t . U.S.-born and foreign-born workers are allowed a further degree of imperfect substitutability even when they have the same education and age. More specifically, the aggregate production function is given by the following expression:
where Y t is aggregate output , A t is total factor productivity (TFP), K t is physical capital, L t is a CES aggregate of different types of labor (described below), and α ∈ (0, 1) is the income share of labor. All variables reflect data for the state of California in year t. The labor aggregate L t is defined as:
where L kt is an aggregate measure of workers with educational level k in year t; θ kt are education-specific productivity levels (standardized so that P k θ kt = 1 and thus any common multiplying factor can be absorbed in the TFP term A t ). We group educational achievements into four categories: high school dropouts (denoted as HSD) , high school graduates (HSG), college dropouts (COD) and college graduates (COG), so that k = {HSD, HSG, COD, COG}. The parameter δ > 0 measures the elasticity of substitution between workers with different educational achievements. Within each educational group we allow workers with different experience levels to be imperfect substitutes. In particular, following the specification used in Card and Lemieux (2001) , we write:
where j is an index spanning age intervals of ten years between 17 and 66, so that j = 1 captures workers 17-26 years old , j = 2 captures those who are 27-36 years old, and so on. Within an education group age groups are identical to groups based on years of experience and sometimes we will use the terms "age" and "experience"
interchangeably. The reason to choose a ten year interval is that, by so doing, we can track ten year cohorts across censuses and control for their demographic tendencies when evaluating the impact of immigration on employment, revealing the internal migratory response of natives to foreign immigrants. The parameter η > 0 measures the elasticity of substitution between workers in the same education group with different experience levels and θ kj are experience-education specific productivity levels (standardized so that P j θ kj = 1 for each k and assumed to be invariant over time, as in Borjas, 2003) . As we expect workers within an education group to be closer substitutes than workers across different education groups, our prior (consistent with other findings in the literature) is that η > δ. Finally, we define L kjt as a CES aggregate of home-born and foreign-born workers. Denoting the number of workers with education k and experience j who are, respectively, home-born and foreign-born, with H kjt and F kjt , and the elasticity of substitution between them by σ > 0, our assumption is that:
Foreign-born workers are likely to have different abilities pertaining to language, quantitative skills, relational skills and so on. These characteristics, in turn, are likely to affect their comparative advantages in production and hence choices of occupation, therefore foreign-born workers should be differentiated enough to be treated as imperfect substitutes for U.S.-born workers, even within the same education and experience group. While in a more general specification the substitutability between U.S.-and foreign-born workers, σ, may vary across education groups (k), the findings in Ottaviano and Peri (2006) suggest that those differences are not very relevant; hence, herein we maintain a common elasticity. Finally, the terms θ Hkjt and θ F kjt measure the specific productivity levels of foreign-and home-born workers, and they may vary across groups and years (in the empirical identification we impose a systematic structure on their variations over time) . They are also standardized so that (θ Hkjt + θ F kjt ) = 1.
Effects of Immigration on Employment and Wages in a State Economy
Using the production function (1) we can calculate the wage response of each group to total immigration once we know the parameters δ, η and σ, and have the data on immigration flows, wage shares and employment. In particular, assuming a given supply of U.S.-born workers in each skill group, H kjt , and assuming that physical capital adjusts to immigration so as to keep its real return constant, one can easily show that the effect of total immigrants on the real wages of U.S. natives of education k and experience j (expressed in units of output Y t , which is taken as the numeraire) is given by the following expression:
and the effect of immigration on wages of foreign-born (previous immigrants) of education k and experience j is given by:
The term ∆F kjt F kjt is the percentage change of foreign-born in skill group k, j due to immigration; the variable s F kjt is the wage share paid in year t to foreign workers in group k, j, namely
is the share of wage income in year t paid to all workers in skill group k, j. While appropriate when considering the overall U.S. economy, the assumption of fixed labor supply of natives, H kjt , may not hold when we analyze the effect of immigrants on a state economy. In response to an inflow of immigrants, ∆F kjt , native workers may move out of or be attracted to California, depending on the effect of a larger supply of immigrants on the demand for natives. We denote as ³ ∆H kjt H kjt´r esponse the percentage change of native employment of education k and age j in period t in response to total immigration during period t, and we need to account for this response when evaluating the overall effect of immigration on wages. It is easy to show that, in this case, the long-run effect of immigration on the wages of natives and foreign-born would be given by the following two expressions:
The terms containing ∆F kjt F kjt are identical to those in the formulas (5) and (6). The terms containing ³ ∆H kit H kit´r esponse account for the wage shift due to the change in native supply of labor in response to immigration. If the induced adjustment of native employment has the opposite sign of the change in foreign-born due to immigration and a relevant magnitude, accounting for it will attenuate the impact of immigration on wages. On the other hand, if the induced adjustment is negligible accounting for it will not significantly change the impact on wages obtained by the simple application of (5) and (6) While we do not model in detail the mechanism producing the response of native employment to immigration, we estimate the elasticity of H kjt (i.e. the supply of natives in an education experience group) to changes in F kjt by running the following regression:
∆H kjt is the change in native employment in cell k, j during the decade t. The left hand side of (9) measures the change in native employment as a percentage of overall initial employment in the skill group k, j: H kjt +F kjt .
The regression controls for education by age (D kj ) and education by year (D kt ) fixed effects. These controls are supposed to capture systematic differences in employment growth across skill groups as well as those that are education-decade specific; for instance, the latter could potentially be due to skill-biased productivity changes.
We also control for the predicted change of employment in each cell, denoted (∆H kjt ) natural , that accounts for demographic trends (cohort size and mortality rates) and national employment/population ratios 5 . Any deviation of ∆H kjt from the predicted change (∆H kjt ) natural in employment is due either to net migration to/from other states or changes in the employment/population ratio of the group 6 . The coefficient γ captures the elasticity of native employment changes, ∆H kjt , to immigration flows, ∆F kjt . u kjt are zero-mean cellspecific shocks. Once we have an estimate of the elasticity γ, we can obtain the response of native employment to immigration, used above as
In order to obtain an estimate of the coefficient γ that captures the response of native labor supply to immigration in California we adopt the following estimation and identification strategy. First, as already noted, we control for education-specific labor demand shocks (D kt ), that would induce correlation between the residual and the immigrants' inflow. Second, we perform an instrumental variables estimation using the variable ∆F kjt H kjt +F kjt over skill groups and decades calculated for the rest of the U.S. as an instrument for immigration flows to California. The flows of immigrants to any U.S. state by education and experience groups are determined by the interaction of "push" (supply) factors, relative to the countries of origin of immigrants and "pull" (demand) factors specific to the U.S. states where they move to. By using immigration by skill in the rest of the U.S. as an instrument for its counterpart in California we are able to isolate the supply-driven variation of immigration (common for flows to California and rest of the U.S.) from the demand-driven variation specific to California.
Furthermore, if the dependent variable is measured with error due to the fact that the size of some skill cells in California is small and the 1% samples used may have a non-trivial measurement error, the instrument, based on national data (excluding California) is likely to have larger size in all cells and to measure immigration much more precisely as a percentage of initial employment. This would drastically reduce any measurement error bias. In general, using migration by cell for the rest of the country as an instrument, we rely on the fact that the education-age distribution of immigrants to California is correlated to the distribution for the rest of the U.S.
due to common countries of origin and push-factors. For instance, scant job opportunities for young uneducated workers in Mexico during the nineties was a supply factor inducing a large ∆F kjt for low education, young age groups, both for California and the U.S. as a whole. On the other hand, good employment opportunities for middle aged, highly educated engineers in Silicon Valley would certainly affect ∆F kjt in some education-age groups in California, but would not affect ∆F kjt for the same groups in the rest of the country. These "pull" factors, that also affect ∆H kjt for California, and induce correlation between ∆F kjt and u kjt , would not affect the instrument. To our knowledge, this method isolating "pull" factors that determine migration to California, is novel to the area approach. At the same time, it is an improvement on the existing aggregate literature that adopts a similar CES production structure (Borjas 2003; Borjas and Katz, 2005; Ottaviano and Peri, 2006) and simply assumes that, once education by year effects are accounted for, the remaining variation of immigration over time in a skill group is supply-driven.
Once we obtain its estimate, the interpretation of the coefficient γ is very simple. If it is equal to negative one, it implies that for each immigrant moving to California one native moves out of the state; that is, immigrants fully displace natives. On the contrary, a coefficient γ equal to 0, would imply that natives' employment is not affected at all by immigration. Finally, a positive estimate of γ implies that immigrants are complementary enough to native workers to augment their productivity, create new business opportunities for them and consequently increase their demand and attract new workers to the state . In order to identify the cross-state migration response, we run specification (9) using population measures. In order to focus more specifically on employment effects, we also run some specifications using employment and employment ratios (by education and age) as dependent variables in regressions similar to (9).
Finally, recall that γ estimates a relative response to immigration. Specifically, γ measures the percentage change in native employment of group k, j in response to immigration in that group relative to changes in other experience groups within the same education group k. Maintaining the "nested" structure described in section 1 we also estimate a response to immigration within entire education groups, γ EDU as follows:
where the variables have been aggregated across experience within education groups so that:
We allow fixed education effects D k and education-specific trends T rend k to account for aggregate factors and skill-specific technological progress.
As before, we estimate γ EDU using the variable ∆F kt H kt +F jt for the rest of the U.S. as an instrument for the corresponding migration to California. Table 3 shows the estimates of the coefficients γ (first row) and ϑ (second row) in regression (9). The change in native employment as a percentage of the initial employment (by cell) is regressed on the change in foreign-born employment (also as a percentage of initial employment), on the predicted change in native employment and on a set of dummies that control for education by age fixed effects and education by year fixed effects. The predicted inter-census change in employment of an education-age group is calculated using the population of that group ten years earlier and applying to it the nationwide mortality rate of that group over a decade, as well as the national employment rate for that group in that census year. We also correct for the possibility of education upgrading, i.e. that people in a certain education-cohort cell move to a higher education cell, using the national upgrading rate by cohort. After 27 years of age, however, the percentage of workers upgrading their skills by further formal education is very small and the results are very similar wether we account for them or not. Hence, for instance, the population of U.S. natives in the cohort of high school educated individual, 37 to 46 years old in 1960 is used to predict the population of U.S. natives in the cohort of high school educated individuals, 47 to 56 years old in 1970. Then, the national employment rate for U.S. natives in the 47-56 years old group in 1970 is applied to obtain the predicted employment for that cohort in 1970. Any differences between the actual and the predicted change in population are due to changes of native individuals in the cohort due to cross-state migration. Any differences between actual and predicted employment changes are due either to cross-state migrations or to changes in the state employment/population ratios relative to the national ones.
Estimates
We use ten-year age groups (five of them, between 17 and 66 years of age) and four educational attainments over four decades 1960-2000, for a total of 80 observations. After having analyzed the overall effect of immigration on native employment (Table 3) we also analyze its components by looking separately at population, only affected by migration of natives in-or out-of-state (Table 4) , and employment/population ratios, only affected by higher or lower participation into the labor market (Table 5 ). Regressions in Table 3 also include education by age fixed effects that account for systematic differences across groups and education by year fixed effects that account for education-specific shocks to labor demand. The basic specification 1 of Table 3 estimates the panel by weighted least squares, using employment of each cell as its weight, specification 2 performs simple least squares estimation, specification 3 omits the education by year effects and specification 4 uses only data from the two groups with lower education (high school graduates and high school dropouts). The elasticity of native employment to immigration (γ in equation 9) is consistently estimated at around 0.10, not significantly different from 0 but usually significantly larger than -0.1. This implies that the estimates rule out even a very modest out-migratory response of natives or employment loss of natives to immigrants (such as -0.10): native workers' employment is unaffected by immigrants. Such a feature is robust across specifications, and in particular, also holds for the groups with lowest education (see specification 4). In order to check whether omitted demandshock-bias plus measurement error bias affects the OLS estimates, specification 5 to 8 re-estimate regressions1 to 4 using migration by skill to the rest of the U.S. (discussed above) as an instrument. The first stage of the regression (reported in the lower portion of Table 3 ) reveals that the instrument has power. Moreover it reveals that the instrument has a positive correlation with the explanatory variable. This implies that migrations to other states and to California, are positively related, as it is implied by our assumption that they share the same "push" determinants. To the contrary, if the correlation arose because migrants are attracted to other states by pull factors and "taken away" from California then it would be negative. In some specifications, however, such as when we restrict the consideration to the lowest education groups, the first stage correlation may not be very strong (F-test of 7.5). The most relevant finding, robust across specifications, is that the IV estimates of the elasticity γ are insignificantly different from their OLS counterparts, are positive and are not different from 0 at any standard significance level. Standard errors of the IV estimates are about three times as large as those of their OLS counterparts, and the IV point estimates are generally positive and larger in absolute value than the OLS ones, implying that the unobserved demand shock does not seem to bias the OLS estimates upwards. Using our method to isolate supply-driven shocks to immigration we do not detect any negative effects on native employment. The size of standard errors makes inference less precise with the IV estimates, but in general even a modest negative effect (such as -0.30) can be ruled out at standard confidence levels. Notice, on the other hand, that the coefficient on the predicted employment change is always positive, close to one and very significant. This means that the local demographic tendencies (affecting supply) are very important to predict employment changes by skill in California.
Tables 4 and 5 reproduce the analysis and the specifications of Table 3 , considering respectively population and employment/population ratios as dependent variables. The fact that we do not find any significant effects of immigration on changes in native employment suggests that we should not find any significant effect on the individual components of this change: population change due to cross-state migration and changes in employment/population ratios. In fact, the elasticities of these two variables to immigration are also estimated to be insignificantly different from 0: around 0.14 (median estimate in Table 4 ) for native population and around 0.05 (median estimate in Table 5 ) for native employment rates. The specifications estimated in these tables are identical to those in Table 3 : the weighted least squares specification in column 1, the unweighted OLS in column 2, a specification omitting education by year dummies in column 3 and including only the groups of high school graduates and high school dropouts in column 4. Most of the time we are able to rule out modest negative effects on the order of -0.20 for the population change and on the order of -0.05 for the employment rate change. Native population change in a group seems to be predicted particularly well by the local demographics (cohort size) as the coefficients on the predicted change in the second row of Table 4 are all close to one and very precisely estimated. Similarly, the national employment/population ratios are very good predictors of the California employment/population ratios (second row of Table 5 ). Notice also that the reaction of the least educated native groups to immigrants is not different from the reaction of the other groups, neither for population nor for employment. The general tendencies of the IV estimates (specifications 4 and 8 in tables 4 and 5) also confirm the finding of Table 3 : they are somewhat more imprecise than the OLS ones but never significantly different from those estimates or from 0, and are never in the negative range.
The skill structure assumed in production, implying higher substitutability between workers with the same education and age allows us to use age by education groups to estimate the relative elasticity γ, controlling for education by year effects. Native workers, however, may be exposed to competition from other age groups in the same education attainment group, and such competition may also affect cross-state migration and the employment of natives. Therefore we estimate specification (10), which aggregates age groups in each education category to obtain the elasticity of native employment to the flow of immigrants in the same education group, γ EDU . We control for the predicted change in employment of the group, and for education-specific trends and education fixed effects. Table 6 presents the estimates of four different specifications using, respectively, simple and weighted least squares (specifications 1 and 2) and simple and weighted 2SLS (specifications 3 and 4) with migration to other states as an instrument. The drawback of these specifications is that, as we are aggregating over age groups, we only have 16 observations (education group by census) and hence we are not able to obtain precise estimates. Even in this case, however, employment of natives does not respond significantly to immigrant flows in the same education group. The estimates of γ EDU are positive, between 0.08 and 0.17 with standard errors around 0.2; they are consistent with native employment not responding to immigration. The large standard errors only allows us to rule out negative effects on the order of -0.3 to -0.4, both for the least squares and IV estimations. We never find negative point estimates of γ EDU , however, so it seems quite reasonable to infer a zero response (rather than a negative response) of native employment to immigration within the same schooling group.
Finally, Table 7 estimates the reaction of native employment to immigration by age group. While the production function in section 3.1 suggests that age is "nested" into schooling as a worker's attribute (hence the correct groupings are those analyzed in Tables 3 to 6), one may think that workers of the same age compete more directly with each other as they enter the labor market in the same period despite different educational attainments, or may have parallel career paths 7 . Table 7 consider 5 age groups (17 to 66) over four census years 1960-2000, and the responses of employment (column 1 and 3) and employment/population ratios (column 2 and 4) of natives to immigrants, controlling for age group effects and age-group trends. The estimates in the first row, obtained via least squares (specifications 1 and 2) and 2SLS (specifications 3 and 4) show once more no significant effect and positive point estimates. This time the standard errors are quite large (up to 0.80) while the point estimates range between 0.08 and 0.70. While not very informative by themselves, due to the imprecision of the estimates, the results of Table 7 provide no evidence of migratory response of natives to immigrants and hence they do not provide any reason to doubt the previous estimates. There is very little or no reaction of native employment to immigration for workers in the same age group, either via cross-state migration or via changes in employment/population ratios, just as was the case for education by age and education groupings.
Substitutability Between Native and Foreign-Born Workers
Summing up the evidence from section 4 above we find an insignificant reaction of native employment/population to immigration. This may be due to a combination of small wage effects of immigrants on natives and small moving costs. Gross migration rates between U.S. states are rather large. About one third of Americans moved between states in the decade 1990-2000. While there are certainly costs of moving, it is hard to believe that native workers would not move in the face of large potential wage losses due to immigration. How can we calculate the wage effects of immigrants in order to check whether their size is consistent with a very small migratory reaction? Following the framework described in section 3.1 we can use the production function and the parameters δ, η and σ, estimated from the national economy, to evaluate the effect of immigrants on the wages of each skill group in California. We can also aggregate those changes across age groups to obtain the effects for each education group of native and foreign-born workers. As the native supply in each group H jkt does not seem to be systematically affected by immigration we can use the more basic formulas (5) and (6) to obtain these effects . Previous estimates of δ and η at the national level are relatively standard and robust across studies, with values of δ in the proximity of 2 (Katz and Murphy, 1992; Hamermesh, 1993; Angrist, 1995; Ciccone and Peri, 2005 ) and values of η around 4 (Borjas, 2003 , Card and Lemieux, 2001 , Ottaviano and Peri, 2006 . Hence, we use those values in this study without further ado. The estimates of the parameter σ, however, are more controversial. Moreover, they are crucial in evaluating the degree of substitutability between U.S.-and foreign-born workers with important implications for the effect of immigration on the wages of natives. Ottaviano and Peri (2006a) estimate this parameter to range between 5 and 10 (median value 6.6) using national U.S. data, Manacorda et al. (2006) applying the same framework to British data estimate a value of σ for the U.K. of between 4 and 6.6. Our specification and the results of the previous section, however, allow us to re-estimate σ using California data. As we established that native labor supply H kjt does not respond systematically to immigration, one can use variation to the supply of foreign-born, F kjt , and the following relationship between marginal productivity and employment to estimate σ; this equation is derived from the production function in section 3.1, using the assumption that wages equal the marginal productivity of workers:
Equation (11) shows that the response of log relative weekly wages (U.S.-and foreign-born) to log relative employment, once we account for education by age, education by time and age by time fixed effects, identifies the inverse (with a negative sign) of the elasticity of substitution between U.S. and foreign-born workers in production. The advantage of estimating this regression with California data is that we can use the variable F US kjt constructed for the rest of the nation as an instrument for F kjt , immigration by skill to California. The decade changes in the instrumental variable, correlated to the supply-side determinants of migration and not to the California-specific demand side and precisely measured because of the very large size of the cells, should improve on the simple OLS estimates. Table 8 shows several estimates of 1 σ using data for 5 age and 4 education groups over the 1960, 1970, 1980, 1990, 2000 and 2004 years . Columns 1 and 2 present, respectively, the least squares weighted and unweighted estimates of 1 σ (using employment of a cell as weight) and column 3 and 4 show the 2SLS weighted and unweighted estimates of 1 σ . Moving between rows, on the other hand, we have specification 1 that includes all years, specification 2 excluding year 1960, as migration flows were very scant in the 60's, and specification 3 excluding year 2004, not a census year. Finally specification 4 includes only observations relative to the groups of workers with an high school degree or less. The estimates range between 0.1 and 0.33 with a median of 0.30, implying σ between 3 and 10, with a median value of 3.33. This range of estimates includes the estimates obtained at the national level by Ottaviano and Peri (2006) which were mostly between 5 and 10. Most of the values of σ for California, however, cluster between 3 and 4 implying an even smaller substitutability between U.S. and foreign-born than estimated at the national level. The only noticeable differences, in the direction of finding smaller coefficients, appear in the specification that omits the year 2004. Recall, however that when omitting one year of data we are using 100 observations to estimate 65 fixed effects and one coefficient, hence we are subject to some imprecision. Certainly, however, these results confirm the findings at the national level; all the estimates of 1/σ are significantly larger than 0, implying imperfect substitutability between U.S.-and foreign-born.
Immigration and Wages, California 1990-2004
Equipped with the estimates of the parameters from the production function and of the elasticity of natives' supply to immigration we can calculate the impact of immigration (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) on the wages of natives. Consistent with the insignificant estimates of section 4, we evaluate the wage effects of immigrants assuming zero response of native employment. This exercise has two important objectives. First, to evaluate the actual real wage change of each group in response to immigration, we need to combine the estimated parameters in the formulas (5) and (6) that account for within and across skill complementarities. Second, once we know those wage gains and losses we may check if they are logically consistent with the findings of zero mobility. Specifically, for the group of less educated workers that is likely to have the largest loss/smallest gains it would be important to check whether the wage impact of immigrants is compatible with no migratory response in the presence of small migration costs.
Assuming no significant employment response of native population through migration or change in employment rates, i.e. for γ = 0, the formulas to evaluate wage changes, expressed in (8) and (7) reduce to expressions (5) and (6). Let us remind the reader that those formulas capture the change in wages once physical capital has adjusted to equate its return in California with the returns it earns in the rest of the country. Assuming perfect mobility of capital within the U.S. this adjustment should not take a long time. Table 9 Table 9 reports the increase in foreign-born workers for each education group as a percentage of the total (U.S. and foreign-born) employment in that group as of 1990. As already shown in Figure 2 , the group of high school dropouts received the largest immigration as a percentage of its initial employment (almost 30%) followed by college graduates, high school graduates and college dropouts. The second column (specification 1) reports the calculated real wage changes due to immigration using the median estimate of σ from section 5, σ = 3.3. The other parameters' values are kept fixed in all calculations and are equal to the values usually adopted in the literature, namely: α = 0.66 is based on the estimates of the share of labor income in total GDP for the U.S., δ = 2, is based on existing estimates of substitutability of labor across education groups and η = 4 is based on existing estimates of substitutability of labor across experience groups.
As we move to the right (specifications 2, 3 and 4) we repeat those calculations using higher estimates of σ, corresponding to the range of values (between 5 and 10) estimated in section 5 on California data and consistent with the national estimates in Ottaviano and Peri (2006) . All effects are long-run effects, i.e. accounting for the full adjustment of physical capital. First of all let us notice that using the estimate σ = 3.3, the imperfect substitutability between foreign-born and natives is strong enough to imply that immigration has a positive effect on each single education group of native workers. On average, natives gain 5% in productivity as foreign-born provide skills and labor types which complement, rather than substitute for, their own. Even the least educated native workers gain 1.8% of their real wages and college dropouts gain 7.2%. These are remarkable gains. While in relative terms the group of native high school dropouts is still harmed by immigration, given wage boosts to higher educated workers of 4 to 7%, the high complementarity between natives and immigrants and the large inflow of immigrants increased wages in real terms for all native groups. The motivation and interpretation for these results is that immigrants, among less educated workers, have filled those occupations, jobs and production tasks that use heavily manual skills (e.g. repairing, cultivating, cleaning, packing), leaving native workers to more interactive, language and communication-oriented jobs (e.g. selling, training, organizing, coordinating).
The availability of manual workers has made the productivity and demand for the tasks supplied by natives higher. Correspondingly, the increasing supply of immigrants has partly crowded out previous immigrants who occupied similar jobs and occupations, implying an average loss in their productivity as large as 29%. The value of σ = 5 is consistent with the national, as well as the California estimates, and may be the most plausible of all. Column 3 (specification 2) shows the estimated effects given this parameter value. One still obtains positive effects for wages of native workers of any schooling level. High school dropouts experience almost no wage change (+0.2%), college graduates and high school graduates experience an increase in real wages by around 3% and college dropouts by 6.7%. Native real wages are boosted by 4.1%, on average, by immigration. Let me emphasize, at this point, that the calculated wage effects are perfectly compatible with the estimated migratory response of natives. Less educated workers have no incentive to move out of the state. More educated workers might have an incentive to move in, however gains on the order of 3% of their wages may not be enough in the presence of moving costs to attract them. Only the group with some college education (but no degree) has more substantial gains. The small positive migratory response of native population found in section 4 may be a sign of a moderate pull of natives due to productive complementarities. Even allowing for the highest degree of substitutability between U.S. and foreign-born compatible with our estimates, namely σ = 10 reported in specification 4, immigrants turn out to benefit natives by 2.2% on average, with a distribution of this effect ranging from a positive wage effects equal to 5.7% for college dropouts to a negative effect equal to 3% for high school dropouts. In this case there would be some incentive for the least educated to move to avoid real losses, however moderate costs of moving in the form of actual costs, search costs and on the job skill losses, may easily erode the 3% gains of a move. All in all, we find it very plausible that, as found in section 4, these very modest wage changes did not trigger any major out-(in-) migration from (to) California. On the other hand, the negative wage effects of new immigrants on other foreign-born (between -10 and -20%) may imply that some old immigrants moved out of California as a consequence of new immigration, contributing to the diffusion of immigrants (especially Latinos) across other U.S. states, a phenomenon that typically took place during the nineties (see for instance Card and Lewis, 2005) . Recall, however, that part of the large negative effect on foreign-born wages is due to the nature of the experiment, in which we keep all variables constant as of 1990 except for immigration. The increased employment of natives between 1990 and 2004, and their complementarity to foreign-born, certainly acted to reduce the negative effect on old immigrants.
Conclusions
If U.S. States were independent countries, California would be the second largest receiving country for international migrants in the whole world (after Russia) with its 8.5 million foreign-born as of 2004. Moreover, its proximity to Mexico and a porous border generated extremely large flows of uneducated Mexican workers (documented and undocumented), at a growing rate, during the last three decades. With one third of its total labor force made up by immigrants, two thirds of its uneducated workers coming from abroad and a rapidly rising foreign-born population, that grew by 40% in the last 14 years, surely native Californians (particularly the unskilled ones) must have suffered the most from the negative effects of this "immigration crisis" 8 on their employment opportunities and wages. The present study, that analyzes employment and wage data in Cali-fornia over the 1960-2004 period, seems to say otherwise. On one hand, immigrants do not seem to increase the tendency of natives with similar skills (education and experience) to migrate, or to otherwise change their likelihood of losing their jobs and dropping out of employment. On the other hand, the impact of immigration over the 1990-2004 period has been negative on the wages of previous immigrants and positive on the wages of U.S. natives, revealing a good degree of complementarity between U.S. and foreign-born workers that benefits (rather then harms) native workers' productivity. One plausible interpretation of these complementarities is the following. Manual tasks in most sectors of California economy are executed by immigrants; the larger availability of these skills has increased the demand for interactive-communication-coordination tasks needed in production, and this latter set of skills is more likely provided by natives, even those with low education. This mechanism has worked to help, rather than harm, the demand and wages of natives' labor in California. Our median estimates reveal that these complementarities of immigrants spurred wage growth of natives, once physical capital adjusted, by about 4% over fourteen years. These average wage gains for natives were distributed as small wage changes (0.2%) for high school dropouts and significant wage gains of up to 6.7% for workers with at least a high school degree. 
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